Introduction {#sec1-1}
============

Dental luting agents provide the link between a fixed prosthesis and the supporting prepared tooth structure.[@ref1] Decementation was found to be the second leading cause of failure of the traditional crown and fixed partial dentures, preceded by secondary dental caries.[@ref2],[@ref3] Dental luting cements should provide a durable bond between dissimilar materials.[@ref4] They must maintain their integrity while transferring stresses, from crowns and fixed partial dentures to the tooth structure. Act as a barrier against microbial leakage, sealing the interface between the tooth and the restoration and holding them together through some form of surface attachment.[@ref5] This attachment may be mechanical, chemical or a combination of both methods. Polycarboxylate and glass ionomer cements have become immensely popular because of their good wettability and bonding to enamel and dentin.[@ref6] Strength is an important mechanical property to be considered for selecting a luting agent. The luting cements are subjected to compressive and tensile stresses by masticatory forces.[@ref7] Hence, it is necessary for the luting cements to possess good compressive and tensile strength for the success and longevity of the fixed prosthesis. Most of the data available on the strength of the luting cements are derived from studies performed with the cements that were not prepared for use as luting agents, but as bases, liners or restorative materials. Hence, more studies that evaluate the cements that are manufactured specifically to be used as luting agents are required. Mouth temperature and temperature of ingested foods may induce thermal changes within cements in the oral cavity. Laboratory testing for compressive and tensile strengths is generally conducted at room temperature. As the properties of luting cements may be affected by changes in temperature, the measurement of cement strength at increased temperatures may be more clinically significant.[@ref8]

Materials and Methods {#sec1-2}
=====================

Materials used in the study {#sec2-1}
---------------------------

Poly F polycarboxylate luting cement (Dentsply, DeTrey Germany), Liv Carbo-polycarboxylate luting cement (GC Corp., Japan), Fuji I capsule - glass ionomer luting cement (GC Corp., Japan), Fuji Plus capsule - Resin modified glass ionomer luting cement (GC Corp., Japan), \[[Figure 1](#F1){ref-type="fig"}\].
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Armamentarium used in the study {#sec2-2}
-------------------------------

Teflon molds, glass plates, clamps, capsule mixing amalgamator (Solilamat, Technojet), Fuji capsule applier (GC Asia, Singapore), incubator, water bath (Biotech and Scientific Industries, Agra), thermo statistically controlled oven, universal testing machine (Hounsfield), \[[Figure 2](#F2){ref-type="fig"}\].
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Cylindrical Teflon molds of the dimensions, 6 mm in height and 4 mm in diameter, were fabricated for making the specimens for compressive strength testing, Cylindrical Teflon molds of the dimensions, 2 mm in height and 4 mm in diameter, were fabricated for making the specimens for diametral tensile strength testing.

The Teflon molds were placed on a glass plate the powder/liquid cements were proportioned and mixed according to manufacturers recommendations and mixed on a mixing pad with a plastic spatula. The freshly mixed cement was filled into the mold, as for the encapsulated cements, the cement capsules were activated, placed in a capsule mixing amalgamator and triturated according to the manufacturers recommendation, and loaded into the capsule applicator. The mixed cement was then extruded through the nozzle of the capsule directly into the mold. Another glass plate was pressed over the open end of the slightly overfilled mold, and the plates were held firmly against the molds with the help of a clamp.

The assembly was then placed in an incubator for 1 h in 100% humidity at 37°C. The specimens were removed from the mold \[[Figure 3](#F3){ref-type="fig"}\] and stored in distilled water in a water bath at 37°C for the next 23 h. A total of 144 samples were prepared.

![Molds and specimens.](JIOH-7-13-g003){#F3}

Testing of the specimen {#sec2-3}
-----------------------

The temperature of the specimens tested was regulated in a thermostatically controlled oven \[[Figure 4](#F4){ref-type="fig"}\] prior to testing them in a Hounsfield universal testing machine.

![Thermostatically controlled oven.](JIOH-7-13-g004){#F4}

For the testing of the compressive strength, the cylindrical specimens were mounted vertically along their long axis between the horizontal, parallely placed flat surface of the metal plates of the jig attached to the universal testing machine \[[Figure 5](#F5){ref-type="fig"}\]. The specimens were loaded at cross head speed of 1 mm/min until they fractured. The load at which the specimen fractured appeared on the monitor and was recorded.

![Specimen being tested for compressive strength.](JIOH-7-13-g005){#F5}

For the testing of the diametral tensile strength, the disk specimens were mounted diametrically between the metal plates \[[Figure 6](#F6){ref-type="fig"}\] and they were tested and the reading was recorded in the manner similar.

![Specimen being tested for diametral tensile strength.](JIOH-7-13-g006){#F6}

Statistical analysis {#sec2-4}
--------------------

Descriptive data are expressed as mean ± standard deviation. One-way ANOVA was used for multiple group comparisons (between agents and between temperatures) followed by Newman--Keul's range test to assess, which group differs significantly from other. A *P* = 0.05 or less was considered for statistical significance.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows the comparison of compressive strength at different temperatures for each luting cement ([Graph 1](#F7){ref-type="fig"}).

###### 

The comparison of compressive strength values at different temperatures for each luting cement.
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![Comparison of the compressive strength of each luting cement measured at different temperatures.](JIOH-7-13-g008){#F7}

For Poly F, the mean compressive strengths were 74.00 ± 2.54 Mpa at 23°C, 73.74 ± 2.74 Mpa at 37°C and 71.93 ± 3.25 Mpa at 50°C. No statistically significant difference between the values at different temperature was noticed.

For Liv Carbo, the mean compressive strengths were 64.16 ± 2.18 Mpa at 23°C, 63.16 ± 1.88 Mpa at 37°C and 61.76 ± 0.83 Mpa at 50°C. There was no statistically significant difference between the values at different temperature.

For Fuji I, the mean compressive strength were 107.33 ± 2.71 Mpa at 23°C, 105.82 ± 3.07 Mpa at 37°C and 104.37 ± 2.24 Mpa at 50°C. No statistically significant difference was seen between the values at different temperature.

For Fuji Plus, the mean compressive strength were 119.04 ± 2.48 Mpa at 23°C, 119.74 ± 2.46 Mpa at 37°C and 119.21 ± 1.92 Mpa at 50°C. There was no statistically significant difference noticed between the values at different temperatures.

[Table 2](#T2){ref-type="table"} shows the comparison of diametral tensile strength values at different temperatures for each luting cement ([Graph 2](#F8){ref-type="fig"}).

###### 

The comparison of diametral tensile strength values at different temperatures for each luting cement.
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![Comparison of the diametral tensile strength of each luting cement measured at different temperatures.](JIOH-7-13-g010){#F8}

For Poly F, the mean diametral tensile strengths values were 7.42 ± 0.73 Mpa at 23°C, 7.23 ± 0.98 Mpa at 37°C and 6.89 ± 0.97 Mpa at 50°C. No statistically significant difference between the values at different temperature was noticed.

For Liv Carbo, the mean diametral tensile strength were, 6.55 ± 0.57 MPa at 23°C, 6.18 ± 0.59 Mpa at 37°C and 5.63 ± 0.65 Mpa at 50°C. No statistically significant difference was noticed between the values.

For Fuji I, the mean diametral tensile strength values were 6.16 ± 0.31 Mpa at 23°C, 6.38 ± 0.71 Mpa at 37°C and 5.99 ± 0.25 Mpa at 50°C. There was no statistically significant difference between the values.

For Fuji Plus, the mean diametral tensile strength values were, 10.23 ± 1.12 Mpa at 23°C, 9.81 ± 0.73 Mpa at 37°C and 9.66 ± 0.95 Mpa at 50°C. The difference between the values at different temperatures was not statistically significant.

[Table 3](#T3){ref-type="table"} shows the comparison of compressive strength and diametral tensile strength at different temperatures, between the luting cement.

###### 

The comparison of compressive strength and diametral tensile strength values between luting cements at different temperatures.

![](JIOH-7-13-g011)

For the compressive strength, Fuji Plus exhibited the highest strength values at all temperatures, followed by Fuji I \> Poly F \> Liv Carbo ([Graph 3](#F9){ref-type="fig"}).
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The values at 23°C were as follows: Fuji plus - 119.04 ± 2.48 Mpa, Fuji I - 107.33 ± 2.71 Mpa, Poly F - 74.0 ± 2.54 Mpa and Liv Carbo - 64.16 ± 1.18 Mpa. The difference in the values was found to be statistically highly significant.

At 37°C - Fuji Plus - 119.74 ± 2.46 Mpa; Fuji I - 105.82 ± 3.07 Mpa; Poly F - 73.76 ± 2.74 Mpa and Liv Carbo - 63.16 ± 1.88 Mpa. The difference in the values was found to be statistically highly significant.

At 50°C - Fuji Plus - 119.21 ± 1.92 Mpa; Fuji I - 104.37 ± 2.34 Mpa; Poly F - 71.93 ± 3.25 Mpa and Liv Carbo - 61.76 ± 0.23 Mpa. The difference in the values were found to be statistically highly significant.

For the diametral tensile strength, Fuji Plus showed the highest strength values followed by, Poly F \> Fuji I = Liv Carbo at all the temperatures ([Graph 4](#F10){ref-type="fig"}).

![Comparison of diametral tensile strength between the luting cements at different temperatures.](JIOH-7-13-g013){#F10}

The values at 23°C were - Fuji Plus - 10.23 ± 1.12 Mpa; Poly F - 7.42 ± 0.73 Mpa; Liv Carbo - 6.55 ± 0.57 Mpa and Fuji I - 6.16 ± 0.31 Mpa. There was statistically significant difference between values of Fuji Plus and all the other cements whereas the difference between - Poly F and Liv Carbo; Liv Carbo and Fuji I were not statistically significant.

At 37°C the values were - Fuji Plus - 9.81 ± 0.73 Mpa; Poly F - 7.23 ± 0.98 Mpa Fuji I - 6.38 ± 0.31 Mpa and Liv Carbo - 6.18 ± 0.59 Mpa. The difference between values of Fuji plus and all the other cements was statistically significant. There was no statistically significant difference between the values of Poly F, Liv Carbo and Fuji I.

At 50°C the values were - Fuji Plus - 9.66 ± 0.95 Mpa; Poly F - 6.89 ± 0.97 Mpa; Fuji I - 5.99 ± 0.35 Mpa and Liv Carbo - 5.63 ± 0.65 Mpa. Fuji Plus differed significantly compared with the other cements. The difference in the values of Poly F and Fuji I; Liv Carbo and Fuji I were not statistically significant.

Discussion {#sec1-4}
==========

The luting cements are one of the most important materials in clinical dentistry because of their application. For acceptable performance in luting application, the cement must have adequate resistance to dissolution in the oral environment. It must also develop an adequately strong bond through mechanical interlocking and adhesion. High strength in compression, shear and tension is required.[@ref6] The demonstration of marginal leakage involving penetration of bacteria to the dentin interface and a reduction in retention of restorations, led to the realization that luting cements possessing good wetting and bonding to enamel and dentin and low toxicity were needed.[@ref6] These concepts led to the development of adhesive cements based on polyacrylic acid. The luting cements are subjected to compressive and tensile stresses during mastication, which mandates the evaluation of these materials for compressive and tensile strength. The plastic deformation differs with varying temperatures and also with the loading rate. The lower loading rate leads to greater plastic deformation.[@ref9] In the present study, a loading rate of 1 mm/min has been used according to specifications. The earlier studies have found to have used a loading rate of 0.1 mm/min and 0.5 mm/min.[@ref8],[@ref10]

However, irrespective of the loading rate in all the studies, a reduction in compressive strength at raised temperature up to 50°C has been noticed. The plastic deformation at fracture is limited for glass ionomer cements at higher temperature i.e., below 0.5%. The increase in temperature may not affect the strength of the glass ionomer cements.[@ref9] The same reason may also hold good for the newer resin modified glass ionomer cements.

At the tested temperatures, Fuji Plus was found to be the strongest in compression followed by Fuji I \> Poly F \> Liv Carbo. A trend towards the reduction of the diametral tensile strength with the increase in temperature was observed for both the cements, but the differences in the values were not statistically significant.

In the study conducted by Mesu,[@ref8] the diametral tensile strength values for the polycarboxylate cements at 23°C, 37°C and 50°C were 7.99 Mpa, 6.78 Mpa and 5.94 Mpa respectively. The reduction in the values at raised temperatures was of a lesser degree compared to the reduction in the compressive strength values observed at the same temperatures.

In the present study, the average diametral tensile strength values for both the polycarboxylate cements were 6.98 Mpa at 23°C, 6.70 Mpa and 6.26 Mpa at 37°C and 50°C respectively. The reduction in diametral tensile strength values at raised temperatures was less than that of the values found in the earlier study.

The mean diametral tensile strength values of the glass ionomer cements - Fuji I were 6.16 Mpa at 23°C 6.38 Mpa at 37°C and 5.99 Mpa at 50°C. For the Fuji Plus the mean diametral strength values of 10.23 Mpa, 9.81 Mpa and 9.61 Mpa were recorded at 23°C, 37°C and 50°C, respectively. Fuji I demonstrated a marginal increase in the strength at 37°C and at 50°C a decrease in strength values was noted, compared with the values at 23°C.

An insignificant decrease in the diametral tensile strength was noticed at raised temperatures for both the cements.

For the polycarboxylate cements, the difference in the load rates used may have been the cause for the difference in the results noted in the earlier study and the present study.[@ref9],[@ref10] The values of the glass ionomer cements might not have been affected, as the plastic deformation at fracture is less for glass ionomer cements with an increase in temperature.[@ref9]

The diametral tensile strength values for all the cements were lower than that of their compressive strengths. The likely explanation being, although the cohesion within the material is identical in both compressive and diametral tensile strength tests, the direction of the forces, however, is reversed.[@ref11]

The comparative evaluation of the luting cements for diametral tensile strength showed that, Fuji Plus had the highest strength values followed by Poly F = Fuji I = Liv Carbo at all temperatures. There was a significant difference (*P* \> 0.01) found in the strength of Fuji Plus and the other cements, whereas there was no much difference in the values of Poly F, Fuji I and Liv Carbo.

The resin modified glass ionomer cement was stronger than the conventional glass ionomer cement when subjected to diametral tensile strength testing. This is in accordance with previous reports.[@ref4],[@ref5],[@ref12]-[@ref15]

The glass ionomer cements usually display higher diametral tensile strength values than the polycarboxylate cements.[@ref4],[@ref5],[@ref12],[@ref15] In the present study, the glass ionomer cement evaluated had values similar to that of polycarboxylate cements.

The exact composition of the encapsulated glass ionomer cement was not known. However, minor variations in P:L ratios and additional component might have influenced the varied strength properties. The mean compressive and diametral tensile strength of the polycarboxylate cements (Poly F and Liv Carbo) were in the range of values reported in earlier studies.[@ref1],[@ref4]-[@ref8],[@ref15]-[@ref17]

The mean values of glass ionomer and resin modified glass ionomer luting cements (Fuji I and Fuji Plus) for compressive and diametral tensile strength fall within the range of values documented in previous reports.[@ref1],[@ref4]-[@ref7],[@ref12],[@ref15],[@ref18]-[@ref22]

Throughout the study, Fuji Plus showed higher strength properties than the other cements tested.

Based on the results of this study, it can be inferred that, an increase in the temperature caused no significant reduction in the compressive and diametral tensile strength of the luting cements evaluated.

In the clinical situations, the luting cements might exhibit strength properties, different than that they demonstrate in laboratory investigations.

More *in vivo* studies that investigate the strength properties of the luting cements, when subjected to thermal variations are required.

Conclusion {#sec1-5}
==========

Increase in the temperature caused a marginal reduction in the compressive strength of the polycarboxylate and the glass ionomer cements. However, the difference in the values at 23°C and at higher temperatures was not statistically significantA marginal reduction was seen in the diametral tensile strength of polycarboxylate and glass ionomer cements, with an increase in the temperature. However, the difference in the values at 23°C and at higher temperatures was not statistically significantAt the tested temperatures, the resin modified glass ionomer cement showed higher compressive strength and diametral tensile strength than the other cements. The compressive strength of conventional glass ionomer was higher than that of polycarboxylate cements. The diametral tensile strength of conventional glass ionomer cement and polycarboxylate cements was similar.
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